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METHOD AND MODEM FOR SUBSEA 
POWER LINE COMMUNICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a US. National Stage Application of 
International Application No. PCT/EP2006/007268 ?led Jul. 
24, 2006, Which designates the United States of America. The 
contents of Which are hereby incorporated by reference in 
their entirety. 

TECHNICAL FIELD 

The invention relates to a method and a modem for subsea 
poWer line communication, ie for transmitting binary data 
via an electric signal of a subsea poWer line. 

BACKGROUND 

Subsea poWer line communication is a special form of 
underWater communication. It is preferably used in exploring 
and exploiting gas and oil ?elds located at the seabed. Subsea 
communication is used, for example, for transmitting various 
data betWeen topside control sites and subsea Wellheads. Gas 
and oil ?elds that are explored or exploited using electronic 
communication to the Wellheads or to other electronic equip 
ment are sometimes called “electronic ?elds” (e-?elds). 

In prior art, different techniques for subsea communication 
have been described. On the one hand, there are Wired electric 
or optical connections, on the other hand there are Wireless 
connections. The Wired connections can be subdivided into a 
?rst group providing communication lines for electronic or 
optical connections separate from electric poWer lines, and a 
second group utilising poWer lines for electronic communi 
cations. In the latter case, advantageously no separate com 
munication lines are needed. 

For example, in US 2005/ 0243983 A1, a modem for receiv 
ing and transmitting data from and to a conductor is 
described. It comprises an output drive for transmitting data 
to the conductor, a receiver for receiving data from the con 
ductor and impedance matching means for matching an 
impedance of a receiver input With an impedance of the con 
ductor. A gain of the output drive, a receiver gain and the 
impedance of the receiver input are adjustable at this modern. 

All knoWn modems for subsea poWer line communication 
use some kind of frequency shift keying modulation tech 
nique, alloWing for bit rates of up to 19200 bit/s and opera 
tional ranges of up to about 100 km. For this purpose, the 
knoWn modems make use of diplexers comprising a loW-pass 
?lter for the electric signal and a high pass ?lter for the 
modulated binary data, ?ltering out frequencies above and 
beloW 100 kHZ, respectively. 

SUMMARY 

According to various embodiments, a method and a 
modem for subsea poWer line communication can be speci 
?ed by Which communication is possible at signi?cantly 
higher bit rates and larger operational ranges. 

According to an embodiment, in a method for communi 
cating binary data via an electric signal of a subsea poWer line, 
the binary data canbe modulated onto the electric signal using 
orthogonal frequency division multiplexing. 

According to a further embodiment, a frequency range 
Within an interval from 2 kHZ to 400 kHZ can be used for a 
radio frequency comprising the modulated binary data. 
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2 
According to a further embodiment, the electric signal can be 
passed through a loW-pass ?lter, and the radio frequency With 
the modulated binary data may be passed through a band-pass 
?lter. According to a further embodiment, 10 to 200 indi 
vidual carrier bands may be used Within the frequency range. 
According to a further embodiment, a gain of at least one of 
the individual carrier bands may be dynamically adjusted. 
According to a further embodiment, in a training sequence 
With a connected partner modem, at least one of the carrier 
bands may be classi?ed to be usable or unusable depending 
on a prede?nable threshold. According to a further embodi 
ment, those of the carrier bands that are classi?ed to be 
unusable may be masked out. According to a further embodi 
ment, diagnostic data may be modulated onto the electric 
signal in spare carrier bands, in parallel With the binary data. 
According to a further embodiment, the binary data may be 
obtained from or sent to an electronic unit via an Ethernet 

connection. According to a further embodiment, a receive 
mode or a transmit mode may be negotiated via the poWer 
line. 

According to another embodiment, a modem for commu 
nicating binary data via an electric signal of a subsea poWer 
line, may use orthogonal frequency division multiplexing for 
modulating the binary data onto the electric signal. 

According to a further embodiment, the modem may com 
prise a diplexer that comprises a loW-pass ?lter for the electric 
signal and a band-pass ?lter for a radio frequency comprising 
the modulated binary data. According to a further embodi 
ment, the modem may use a frequency range Within an inter 
val from 2 kHZ to 400 kHZ for the radio frequency With the 
modulated binary data. According to a further embodiment, 
the modem may use 10 to 250 individual carrier bands Within 

the frequency range. According to a further embodiment, the 
modem may dynamically adjust a gain of at least one of the 
individual carrier bands. According to a further embodiment, 
the modem may perform a training sequence With a con 
nected partner modem, Wherein at least one of the carrier 
bands is classi?ed to be usable or unusable depending on a 

prede?nable threshold. According to a further embodiment, 
the modem may mask out those of the carrier bands that are 
classi?ed to be unusable. According to a further embodiment, 
the modem may modulate diagnostic data onto the electric 
signal in spare carrier bands, in parallel With the binary data. 
According to a further embodiment, the modem may provide 
at least one Ethernet connection. According to a further 

embodiment, the modem may comprise a reduced instruction 
set central processing unit for providing the Ethernet connec 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the folloWing, the invention is described in further detail 
With several draWings. 

FIG. 1 shoWs a block diagram of a modem according to an 
embodiment. 

FIG. 2 shoWs the modem and its diplexer in a schematic 
side vieW. 

FIG. 3 shoWs a block diagram of the diplexer. 

FIG. 4 shoWs a circuit diagram of the diplexer. 

FIG. 5 shoWs a How diagram of modem stages after poW 
ering up the modem. 
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FIG. 6 shows a ?ow diagram of the Initialisation stage. 
FIG. 7,8 show a block diagram of another modem provid 

ing Ethernet connectivity. 
In all drawings, corresponding parts are denoted by iden 

tical reference signs. 

DETAILED DESCRIPTION 

According to various embodiments, it is understood that 
when ever a statement relates to modulation it can alterna 
tively or additionally be related to demodulation in a corre 
sponding way. 

According to various embodiments, it is proposed to 
modulate binary data onto the electric signal of a subsea 
power line using orthogonal frequency division multiplexing 
(OFDM), in particular in an appropriate modem. According 
to an embodiment, the OFDM is preferably performed in both 
of two communicating modems, one at the seabed and one at 
the topside. This way, a point-to-point connection at a high bit 
rate of up to 3 Mbit/ s can be provided, for example, between 
a subsea electronic unit and a topside control site. 

With OFDM, which itself is known from television broad 
casting, the transmitting modem sends on multiple different 
orthogonal frequencies called carrier bands or channels. Two 
carrier bands are said to be orthogonal if they are independent 
from each other regarding their relative phase relation-hip. 
The binary data is modulated onto the electric signal in the 
form of so-called OFDM symbols. 

Using OFDM for subsea power line communication results 
in several advantages. The different carrierbands can be close 
to each other in terms of frequency, thus enabling high spec 
trum e?iciency, allowing for a high total bit rate. Besides, 
OFDM allows for easily ?ltering out noise. If a certain fre 
quency range encounters interference, the respective carrier 
bands can be operated a slower bit rate or can even be dis 
abled. This way, a high operational range up to 200 km can be 
achieved. Additionally, by assigning appropriate numbers of 
carrier bands to upstream and downstream transmission, the 
respective bit rates can be adjusted as required. 

In preferred embodiments a frequency range within an 
interval from 2 kHZ to 400 kHZ is used for OFDM, i.e. said 
modulated binary data. It is possible to use a frequency range 
having the same width as this interval or narrower than this 
interval, eg 10 kHZ to 400 kHZ. This embodiment provides 
a wide frequency band for OFDM, hence enabling a larger 
number of carrier bands and thus high bit rates. This is in 
particular achieved by using frequencies below 100 kHZ, in 
contrast to prior art. Thus, broadband transmission is pos 
sible, resulting in higher bit rates. The upper limit of 400 kHZ 
reduces high-frequency noise caused by switched power sup 
plies, and their harmonics, as well as noise picked up from 
topside sources. Besides, the attenuation of subsea cables is 
high in frequencies above 400 kHZ. 

Advantageously, the electric signal is passed through a 
low-pass ?lter, and the modulated binary data is passed 
through a band-pass ?lter. The ?lters are preferably com 
prised in a diplexer unit of the modem. The band-pass ?lter 
allows passing through frequencies from 2 kHZ to 400 kHZ 
for a best achievable signal. The low-pass ?lter allows cutting 
out the disturbance from the low frequency noise from top 
side and subsea power supplies before the modem signal is 
superimposed on the subsea power line. Preferably, the low 
pass ?lter starts to bend from 2 kHZ and down to 0 HZ. 

In a preferred embodiment, 10 to 200 individual carrier 
bands are used within said frequency range. If many carrier 
bands are used, each carrier band can operate at a slow bit rate. 
Thus, the duration of the transmitted OFDM symbols can be 
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4 
relatively long, reducing the sensitivity of the transmission to 
impulsive noise. The operation range can be increased 
thereby. Because of the large number of carrier bands, a high 
total bit rate can be achieved nonetheless. 

Preferably, a gain of at least one of said individual carrier 
bands is dynamically adjusted. This way, even weak carrier 
bands with high noise can be used for transmission. 

For minimal transmission errors at least one of said carrier 
bands is classi?ed to be usable or unusable depending on a 
prede?nable threshold in a training sequence with a con 
nected partner modem. 

Preferably, those of said carrier bands that are classi?ed to 
be unusable are masked out. 

In an advantageous embodiment, diagnostic data is modu 
lated onto said electric signal in spare carrier bands, in paral 
lel with said binary data. This enables diagnostics during 
normal operation of the modem without restricting the avail 
able bandwidth of the actual binary payload data. 

In a sophisticated embodiment, said binary data is obtained 
from or sent to an electronic unit via an Ethernet connection. 
A corresponding modem provides at least one Ethernet con 
nection. This enables high bit rates for external connections. 
Preferably, such a modem comprises a reduced instruction set 
central processing unit for providing said Ethernet connec 
tion. In such a sophisticated embodiment, a receive mode or a 
transmit mode is preferably negotiated via said power line. 
This enables to provide full-duplex communication between 
two modems by alternating the transmission direction as 
required. 
An advantage obtained may be in particular, that the pos 

sible transmission bit rate and the possible operational range 
are signi?cantly improved in comparison to prior art 
modems. 

FIG. 1 shows an exemplary block diagram of a modem 1 
for communication via a subsea power line 2 to electronic 
units 3, eg a control subsea e-?eld. The power line 2 is also 
called the umbilical. 
The modem 1 comprises a receiving path 4 and a transmit 

ting 5 path 5 for data communication between the power line 
2 and the electronic units 3. 

In more detail, the modem 1 comprises a ?eld program 
mable gate array 6 (FPGA), an digital signal processor 7 
(DSP), an analogue-to-digital processing line 8 and a digital 
to-analogue processing line 9. Both processing lines 8 and 9 
are connected with a diplexer 10 via a differential interface 
(not shown) and with the ?eld programmable gate array 6. By 
the diplexer 10, the modem 1 is connectable to the subsea 
power line 2. 

Furthermore, the ?eld programmable gate array 6 provides 
two independent bidirectional external serial interfaces 11 
and 12, eg one RS-485 connection 11 connectable with a 
so-called PROFIBUS for binary payload data, and one 
RS-232 connection 12 for diagnostic data. 
On the one hand, the ?eld programmable gate array 6 

creates an OFDM-modulated signal RF from the binary data 
obtained from the RS-485 connection 11 and, if required, 
from diagnostic data obtained from the RS-232 connection 12 
on the transmitting path 5. These data are modulated as the 
OFDM-modulated signal RF onto the electric signal Emo 
dRF of the power line 2. On the other hand, the ?eld pro gram 
mable gate array 6 demodulates an OFDM-modulated signal 
EmodRF obtained from the power line 2 via the diplexer 10 
into binary payload data on the receiving path 4, and, if 
necessary, into diagnostic data that are output to the RS-485 
connection 11 and the RS-232 connection 12, respectively. 
As computation costs are high for orthogonal frequency 

division multiplexing the ?eld programmable gate array 6 
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utilizes a digital signal processor 7 for both modulation and 
demodulation. Appropriate digital signal processors 7 With a 
program ?ash 13 and a data memory 14 are commercially 
available. The digital signal processor 7 is connected via an 
interface 15 comprising programming registers With the ?eld 
programmable gate array 6. The interface 15 is synchroniZed 
With 48 MHZ by a clock phase-locked loop 16 With a refer 
ence frequency, eg 2 MHZ, of a voltage controlled oscillator 
17. 

For OFDM modulation and demodulation, the modem 1 
uses, for example, 195 individual carrier bands, i.e. channels, 
With a frequency range of 10 kHZ to 400 kHZ. Other fre 
quency ranges Within an interval from 2 kHZ to 400 kHZ are 
possible. In particular, an operator may assign or block out 
speci?c carrier bands as required. For each carrier band, one 
of the knoWn modulation techniques QPSK, 16-QAM or 
64-QAM can be used. The modem 1 automatically selects the 
optimum choice for the particular modulation. HoWever, an 
operator may set a maximum constellation. The modem 1 
measures a signal-to-noise ratio (SNR) for each carrier band 
and allocates poWer in order to maximise transmission rate. 
Thereby, it provides a bit rate of up to 3 Mbit/ s and an 
operational range of up to 200 km. The RS-232 connection 12 
has a maximum bit rate of 115200 bit/ s. 

The diplexer 10 is able to connect a radio frequency modem 
1 to both ends of the poWer line 2 in such Way that tWo 
modems 1 are able to communicate With each other While the 
poWer line cable is also used for poWer distribution. For this 
purpose, the diplexer 10 maintains the signal impedance of 
the electrical signal E of the poWer line 2. The diplexer 10, 
part of the OFDM modem 1, is designed for point-to-point 
connections betWeen topside and subsea control systems. It 
provides a bandWidth similar to or larger than its upstream 
circuits 6 to 9 to transmit the modulated signal RF Without 
distortion. 

The diplexer 10 is compactly arranged in the modem 1. 
FIG. 2 schematically shoWs hoW the components of the 
diplexer 10, e.g., tWo transformers 18, alternate With the 
components of a printed circuit board 19 (shortly called 
PCB), e.g., the ?eld programmable gate array 6 and the digital 
signal processor 7, Without touching them. The tWo trans 
formers 18 are very compact and stand on the printed circuit 
board 19 doWnside; the IC components, eg the ?eld pro 
grammable gate array 6 and the digital signal processor 7, 
stand doWnside and/ or upside on the printed circuit board 19. 
The components are mounted on both sides of a e.g. single 
six-layer printed circuit board 19. Thereby, the Whole modem 
1 is very compact, as its physical siZe must be minimal for 
subsea control system applications. 

FIG. 3 shoWs a block diagram of the diplexer 10, compris 
ing a loW-pass ?lter 20 for the electric signal E1, E2 and a 
band-pass ?lter 21 for the modulated binary data. The 
diplexer 10 is uniform for both subsea and topside modems 1. 

In case of a topside diplexer 10, a poWer supply 22 of the 
topside electronic units 3 With electric poWer signals E1 and 
E2 is connected at the right end of the block diagram. The 
radio frequency signal RF is input from the ?eld program 
mable gate array 6, With the so-called OFDM circuits 6 to 9, 
i.e. the modulated binary data. The OFDM modulated electric 
poWer signals ElmodRF, E2m0dRF are then conducted toWards 
subsea poWer lines 2 on the left side of the block diagram. 
A diplexer 10 for subsea use receives the OFDM modu 

lated electric poWer signal EmOdRF at the left side of the block 
diagram. The radio frequency signal RF, representing the 
modulated binary data, is extracted by the band-pass ?lter 21 
Which is connected to the OFDM circuits of the ?eld pro 
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6 
grammable gate array 6. The subsea poWer supply 22 is 
connected at the right side of the block diagram. 
The loW-pass ?lter 20 ?lters noise from the poWer supplies 

22 from being fed to the communication part of the subsea 
poWer line 2. The band-pass ?lter 21 alloWs for frequencies 
from 10 kHZ to 400 kHZ to be passed through. 

In FIG. 4, the circuit diagram of the diplexer 10 is depicted. 
In comparison to FIG. 3, the circuit of the diplexer 10 is 
provided on the left side With the electric poWer signal 
EMOdRFI, EmodRF2 combined With the modulated binary data 
signal. The radio frequency signal RF is output to the OFDM 
circuits of the ?eld programmable gate array 6 at the bottom. 
A poWer supply 22 is connected at the right side for loW-pass 
frequency ?ltering. 
The poWer side ?ltering provides a differential mode 

attenuation of larger than 45 db in the range from 2 kHZ to 5 
kHZ and larger than 70 dB in the range from 5 kHZ to 500 kHZ. 
The common mode attenuation betWeen 2 kHZ and 500 kHZ 
is larger than 80 dB. 
The signal side ?ltering provides a differential mode 

attenuation of less than 2 db in the range from 2 kHZ to 500 
kHZ. The common mode attenuation betWeen 2 kHZ and 500 
kHZ is larger than 60 dB. The group delay is less than 75 ps for 
2 kHZ to 5 kHZ, and less than 25 us for 5 kHZ to 500 kHZ. 

In FIG. 5, the different stages are shoWn through Which the 
modem 1 passes after poWer is provided to it. There are four 
stages: PoWer-up, Initialisation, Training sequence, and Nor 
mal operation. During the PoWer-up stage, persistent param 
eters in the digital signal processor 7 are set and light emitting 
diodes (LED, not shoWn) shoWing information externally are 
sWitched appropriately. The persistent parameters include 
e. g. the modem type, the modem serial number and hardware 
revision, an OFDM guard interval, the PROFIBUS transmis 
sion rate, the available output poWer, reception (Rx) gain, Rx 
attenuation, signal-to -noise ratio margin, a doWnlink channel 
pattern, and an uplink channel pattern. 

After the PoWer-up stage, the modem 1 automatically starts 
the Initialisation stage. The Initialisation comprises different 
states that are shoWn in FIG. 6. During the Initialisation stage, 
the modem 1 never uses more than one channel at a given time 
instant. In the “Megasync” and “BestChannel” states, the 
modem 1 transmits sequentially from the loWest active chan 
nel to the highest active channel. In the “CommParam” state 
the modem 1 transmits on one channel only. 

In the “Megasync” state the modem 1 sends a de?nable 
signal sequence sequentially on each of the active channels. 
The remote modem (not shoWn) receives these “Megasync” 
signals and performs the folloWing steps. If the measured 
signal level is loW, the remote modem 1 automatically 
increases Rx gain as much as possible. A signal level of 
approximately 90 dB is tolerated prior to clipping. If the 
signal level is too high (clipping occurs), the remote modem 
1 reduces Rx gain until clipping is insigni?cant. The total Rx 
gain is split betWeen tWo parts, Rx gain and Rx attenuation. 
Rx gain may be adjusted from 0 to 24 dB. Rx attenuation may 
be enabled, resulting in an 11 dB attenuation, or disabled, 
resulting in 0 dB attenuation. Hence, a total gain of 24+1 1:35 
dB may be achieved. By default, the gain is set to maximum. 
Subsequently, the remote modem 1 measures values of the 
signal-to-noise ratio for each channel. Then, the channel hav 
ing the highest signal-to-noise ratio value is assigned to be the 
“Best Channel”. 
The topside modem Will alWays start “Megasync”, While 

the subsea modem alWays enters a “Megasync” receive state. 
If, after tWo attempts, the top side modem has not received any 
“Megasync” from the subsea modem, an appropriate LED is 
illuminated to signal the umbilical break. This LED is cleared 
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as soon as a “Megasync” is received from the subsea modem. 
An Initialisation LED is illuminated as soon as the modem 

enters the “Megasync” state. 
In the “BestChannel” state, the modem 1 sends information 

about the best channel sequentially on each of the active 
channels. A CRC8 checksum code is applied to the 
“BestChannel” message. 

In the “CommParam” state, the modem 1 transmits infor 
mation about communication parameters to be applied during 
Training sequence and Normal operation stages. Which 
parameters are sent depends on the transmission direction and 
the respective channel used. They are described in the folloW 
ing table: 

Topside modem to subsea Subsea modem to 
modern topside modern 

Per channel Uplink poWer DoWnlink poWer 
Uplink modulation DoWnlink modulation 
DoWnlink channel mask DoWnlink SNR 
Uplink channel mask 

Overall SNR margin 
PROFIBUS UART rate 

As can be seen, the subsea modem performs poWer alloca 
tion for the topside modem, While topside modem performs 
poWer allocation for the subsea modem. All available output 
poWer is then allocated. A CRC32 code is applied to the 
“CommParam” message. The “CommParam” message is 
transmitted on the “Best Channel” only. When completing the 
“CommParam” state, the initialisation LED is cleared. 
When Initialisation is completed, the modem 1 and the 

remote modem enter the Training sequence stage. A “Train 
ing Sequence” is transmitted in order to obtain an initial 
channel estimate and to test the actual poWer allocation and 
modulation constellations. During the Training sequence 
stage, the modern 1 uses the communication parameters 
decided during the Initialisation stage. Hence, the modems 
Will occupy the frequency range decided during Initialisation. 

After successfully completing the Training sequence stage, 
both modems enter the Normal operation stage, i.e., they start 
to transfer binary payload data obtained from their PROFI 
BUS RS-485 connections 11. 

The modem 1 has embedded logic in order to minimise 
latency. The basic of this logic is that the modem 1 may start 
modulating and transmitting a PROFIBUS telegram onto the 
umbilical prior to receiving the entire telegram from the 
PROFIBUS host connected at the RS-485 connection 11. 
Similarly, at the receiving end, the remote modem may start 
transmitting a PROFIBUS telegram to its PROFIBUS host 
prior to receiving the entire PROFIBUS telegram from the 
umbilical. The calculation on When to start transmitting a 
PROFIBUS telegram is based on the PROFIBUS bit rate, 
Which is de?nable as a parameter of the modem 1, and the 
PROFIBUS telegram length, Which is given by the ?rst byte 
in the respective telegram. 
An overall requirement for PROFIBUS transmission is that 

no inter-byte gap is alloWed betWeen consecutive bytes in a 
telegram. Hence, the modem 1 must ensure this requirement 
When calculating When to start transmitting PROFIBUS tele 
grams. The PROFIBUS slot time, Which is con?gured on 
PROFIBUS equipment and thus part of the bus parameters, 
must be con?gured in order to provide for the extra latency 
added by the communicating modems. The modems shall be 
able to Work With the minimum slot times given by the fol 
loWing table: 
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PROFIBUS bit rate [kbit/s] Minimum slot time 

9.6 220 
19.2 250 
93.75 800 
187.5 1500 
500 3800 
1500 7000 
3000 13000 

The initial channel estimate performed in the Training 
sequence stage is regularly updated by means of receiving 
PROFIBUS data. The communicating modems basically 
require neW data to be received approximately every 100 ms 
in order to maintain a correct channel estimate. If, for some 
reason, the period betWeen tWo consecutive PROFIBUS tele 
grams exceeds 100 ms, the respective sending modem Will 
transmit a timeout packet in order to maintain the channel 
estimate. This timeout packet may cause a PROFIBUS tele 
gram to be corrupted; hence a PROFIBUS retransmission 
may occur. Due to the timeout packets, the modems are able 
to maintain the link even if no PROFIBUS data is applied. 

Additionally, a control channel is implemented as a parallel 
channel to the PROFIBUS data channel via the umbilical. The 
purpose of the control channel is to transfer diagnostic data, 
ie parameters and messages, from the subsea modem to a 
diagnostics tool connected to the topside modem Without 
affecting the bit rate of the binary payload data. For this 
purpose, the diagnostic data is modulated onto the electric 
signal of the poWer line in spare OFDM carrier bands, in 
parallel With said binary payload data. The control channel is 
established as soon as the modems enter the Normal opera 
tion stage. 
The modem 1 may be forced into a sine Wave output test 

mode. Then, the Normal operation stage is stopped, and the 
modem 1 is con?gured to output a sine Wave on a particular 
channel. This is an easy mechanism to verify the functionality 
of the modem analogue circuitry. In order to enter sine Wave 
output test mode, a corresponding “bRunSineTest” parameter 
is set to true, the desired output channel is through a “SineTest 
Channel” parameter betWeen 0 and 194. The channel band 
Width is approximately 1.95 kHZ, hence the approximate 
centre frequency of the output sine Wave is “SineTestChan 
nel”*1.95 kHZ. AfterWards, the modem 1 is started. 

Besides, the modem 1 may be forced into a Noise test 
mode. This means that the Normal operation mode is stopped, 
and the modem 1 is con?gured to a receive-only state. In this 
state the poWer ampli?er is turned off. This is an easy mecha 
nism to visualise the modem noise input. In order to enter 
noise test mode, a “bRunNoiseTest” parameter is set to true. 
AfterWards, the modem 1 is started. 

FIG. 7 shoWs a block diagram of another exemplary 
modem 1 that is con?gured similar to that of FIG. 1. Instead 
of a serial interface circuit for a RS-485 connection, the 
modem 1 comprises a reduced instruction set (RISC) central 
processing unit 23 With a built-in Ethernet controller (not 
shoWn) providing an external Ethernet connection 24 to an 
electronic unit 3. The reduced instruction set central process 
ing unit 23 interfaces the digital signal processor 7 via the 
?eld programmable gate array 6. 
The reduced instruction set central processing unit 23 

either is in transmit mode or in receive mode. In receive mode 
the reduced instruction set central processing unit 23 reads 
Ethernet frames from the Ethernet controller and Writes the 
frames to a buffer in the ?eld programmable gate array 6. In 
transmit mode the reduced instruction set central processing 
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unit 23 reads frames from the buffer of the ?eld program 
mable gate array 6 and Writes the frames to the respective 
Ethernet controller. If frames arise that are to be sent to the 
Ethernet controller While the reduced instruction set central 
processing unit 23 is in receive mode, i.e., is reading from the 
Ethernet controller, the reduced instruction set central pro 
cessing unit 23 buffers the arising frames until the transmis 
sion direction is changed to transmit mode. 
The transmission direction is negotiated by tWo connected 

modems 1 in such a Way that both modems 1 at all times agree 
on transmission direction. This is called transmission direc 
tion scheduling. With a pair of connected modems 1 the 
folloWing Will alWays apply: One of the modems 1 Will be in 
transmit mode and the other modern 1 Will be in receive mode. 
If a modem 1 is in transmit mode it Will stay in this mode as 
long as it has pending data to transmit or until a prede?ned 
parameterised timeslot has elapsed. When either of these tWo 
conditions apply the other modern 1 transmission direction 
Will reverse. When one of the modems 1 enters transmit mode 
and has no pending data to transmit, the transmission direc 
tion Will reverse after a short parameterised timeslot. 

Apair of modems 1 connected by a poWer line 2 constitutes 
a half duplex communication link (not shoWn). With the 
above described transmission direction scheduling, the 
modems 1 Will constitute a full duplex point-to-point com 
munication link for Ethernet nodes on both sides of the com 
munication link 

FIG. 8 shoWs a block diagram of another modem 1 that is 
con?gured similar to that of FIG. 7. HoWever, the reduced 
instruction set central processing unit 23 has tWo built-in 
Ethernet controllers (not shoWn) providing tWo external Eth 
ernet connections 24 to tWo different electronic units 3. For 
each of the Ethernet connections 24, a respective dual tWisted 
pair cable is used. The tWo Ethernet connections 24 alloW for 
tWo simultaneous point-to-point communication links over a 
single poWer line 2 connection. The communication via the 
Ethernet connections 2 can be performed using the transmis 
sion direction scheduling as described above for each Ether 
net connection 24 separately. Alternatively, simple half-du 
plex transmission can be used. 
What is claimed is: 
1. A method for communicating binary data via an electric 

signal of a subsea poWer line, comprising: 
establishing a point-to-point connection betWeen a subsea 

electronic unit and a topside electronic unit for transmit 
ting binary data via the electric signal of the subsea 
poWer line, 

at one of the subsea electronic unit and the topside elec 
tronic unit, modulating binary data onto said electric 
signal using orthogonal frequency division multiplexing 
(OFDM), using 10-200 individual carrier bands in a 
selected radio frequency range, 

communicating the OFDM-modulated binary data via the 
subsea poWer line to the other one of the subsea elec 
tronic unit and the topside electronic unit, and 

at the other one of the sub sea electronic unit and the topside 
electronic unit, demodulating the OFDM-modulated 
binary data, including passing the electric signal through 
a loW-pass ?lter and passing said radio frequency With 
the modulated binary data through a band-pass ?lter. 

2. The method according to claim 1, Wherein a gain of at 
least one of said individual carrier bands is dynamically 
adjusted. 

3. The method according to claim 1, Wherein, in a training 
sequence With a connectedpartner modem, at least one of said 
carrier bands is classi?ed to be usable or unusable depending 
on a prede?nable threshold. 
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10 
4. The method according to claim 3, Wherein those of said 

carrier bands that are classi?ed to be unusable are masked out. 

5. The method according to claim 1, Wherein diagnostic 
data is modulated onto said electric signal in spare carrier 
bands, in parallel With said binary data. 

6. The method according to claim 1, Wherein said binary 
data is obtained from or sent to an electronic unit via an 
Ethernet connection. 

7. The method according to claim 6, Wherein a receive 
mode or a transmit mode is negotiated via said poWer line. 

8. A subsea modem for communicating binary data, said 
subsea modem being located in a subsea electronic unit and 
connected With a topside electronic unit via a subsea poWer 

line, 
said subsea modem operable to use orthogonal frequency 

division multiplexing (OFDM) for modulating said 
binary data onto an electric signal for communication to 
said topside electronic unit via said subsea poWer line, 
the IFM modulation using 10-200 individual carrier 
bands in a selected radio frequency range, 

said subsea modem comprising a diplexer for demodulat 
ing OFDM-modulated binary data received from said 
topside electronic unit via an electric signal carried by 
said subsea poWer line, said diplexer including a loW 
pass ?lter for said electric signal and a band-pass ?lter 
for a radio frequency comprising said OFDM-modu 
lated binary data. 

9. The subsea modem according to claim 8, being operable 
to dynamically adjust a gain of at least one of said individual 
carrier bands. 

10. The subsea modem according to claim 8, being oper 
able to perform a training sequence With a connected partner 
modem, Wherein at least one of said carrier bands is classi?ed 
to be usable or unusable depending on a prede?nable thresh 
old. 

11. The subsea modem according to claim 10, being oper 
able to mask out those of said carrier bands that are classi?ed 
to be unusable. 

12. The subsea modem according to claim 8, being oper 
able to modulate diagnostic data onto said electric signal in 
spare carrier bands, in parallel With said binary data. 

13. The subsea modem according to claim 8, being oper 
able to provide at least one Ethernet connection. 

14. The subsea modem according to claim 13, comprising 
a reduced instruction set central processing unit for providing 
said Ethernet connection. 

15. A method for communicating binary data via an electric 
signal of a subsea poWer line, comprising: 

establishing a point-to-point connection betWeen a subsea 
electronic unit and a topside electronic unit for transmit 
ting binary data via the electric signal of the subsea 
poWer line, 

at one of the subsea electronic unit and the topside elec 
tronic unit, modulating binary data onto said electric 
signal using orthogonal frequency division multiplexing 
(OFDM), using 10-200 individual carrier bands in a 
selected radio frequency range, and modulating diag 
nostic data onto said electric signal in spare carrier 
bands, in parallel With said binary data, and 

communicating the OFDM-modulated binary data via the 
subsea poWer line to the other one of the subsea elec 
tronic unit and the topside electronic unit. 


